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in  t i d a l  v o l u m e  
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Summary. Rabb i t s  in which the rmal  pun t ing  has been inhibi t ing by  previous cold exposure  or by  wa te r  depr iva t ion  
respond to a raised amb ien t  t empe ra tu r e  w i th  an increase in t ida l  volume.  By  so doing, t h e y  are able to  ma i n t a in  a 
minu te  volume appropr ia te  to their  t he rmoregu l a to ry  requi rements .  

Thermal  pun t ing  is general ly  character ised  by  rapid,  
shallow b rea th ing  1. This implies an increase in resp i ra to ry  
f requency  (RF) and a decrease in t idal  volume (VT). As a 
rule, the  increase in R F  outweighs  the  fall in VT so t h a t  
minu te  vo lume (VE) increases, as also does resp i ra to ry  
evapora t ive  hea t  loss (E~x). Thus  regulat ion of E ~  has 
become equa ted  wi th  the  regulat ion of RF.  In  the  rabbi t ,  
R F  normal ly  increases wi th  increasing a m b i e n t  t empera -  
ture  (T~) above 25~ 2. However ,  the increase in R F  in 
response  to a high T~ is inhib i ted  in r abb i t s  which have  
been wa te r  depr ived  or previously  exposed to coldS. At  
35~ t a c h y p n o e a  usually remains  inh ib i ted  for abou t  
30 min. Dur ing  th is  t ime,  the  lower R F  is accompanied  
by  a h igher  VT so t h a t  V~ is similar in t r ea t ed  and contro l  
animals  4. Moreover,  the  increase in T ~  dur ing  1 h a t  
35~ is no grea ter  in t r ea ted  rabbi t s  t h a n  in controls  a,4. 
The impl ica t ion  f rom this  is t h a t  under  some circum- 
s tances  the  r abb i t  can ma in t a in  V~ a t  an appropr ia te  
level to  mee t  t he rmoregu la to ry  demands  by  increasing 
V~ ins tead  of RF.  This s i tua t ion  has so far been descr ibed 
only  in the  case of the  os t r ich ~. In  the  p resen t  r epor t  the  
impl ica t ion  is explored fur ther .  
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Fig. 1. The relationship between rectal temperature (%~) and minute 
volunle (VE) in control (O), cold-exposed (D) and water-deprived 
(A) rabbits during exposure to 35 ~ r = 0.75. 

5 New Zealand Whi t e  rabb i t s  weighing be tween  2.5 and  
4.5 kg were cl ipped of mos t  of the i r  fur and exposed  in 
tu rn  to each of the  3 following condit ions.  Pr ior  to  an 
exper iment ,  the  animals  were e i ther  kep t  a t  20~ wi th  
water  available ad l ib i tum (control), or t h e y  were exposed  
for 24 h to a Ta of 5~ again wi th  wa te r  available ad 
l ib i tum (cold-exposed) or t h e y  were kep t  a t  20~ bu t  

1 S.A. Richards, Biol. Rev. d5, 223 (1970). 
2 R.R.  Gonzalez, M. J. Kluger and J. D. Hardy, J. appl. Physiol. 

37, 728 (1971). 
3 M. Maskrey and S. C. Nicol, J. Physiol., Loud. 252, 481 (1975). 
4 M. Maskrey and S. C. Nieol, J. Physiol., Lond. 267,375 (1976). 
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Fig. 2. a The relationship between rectal temperature (Tre) and 
respiratory frequency (RF) in rabbits exposed to 35 ~ Symbols as 
ill figure 1. r 0.92, 0.90 and 0.92 respectively for control, cold- 
exposed and water-deprived animals, b The relationship between 
rectal temperature (Tre) and tidal volume (VT) in rabbits exposed to 
35 ~ Symbols as in figure 1. 
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dep r ived  of d r i n k i n g  w a t e r  for  72 h (water -depr ived) .  I n  
t he  e x p e r i m e n t s  r a b b i t s  were exposed for 1 h to  a T~ of 
35 ~ Tre a n d  oxygen  c o n s u m p t i o n  (Vo2) were m o n i t o r e d  
con t inuous ly .  R e s p i r a t o r y  vo lumes  and  f requencies  were 
m e a s u r e d  a t  10- ra in- in te rva l s  us ing  t he  b a r o m e t r i c  t ech-  
n ique  of D r o r b a u g h  and  Fenn~.  
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Fig. 3. The relationship between respiratory frequency (RF) and 
tidal volume (V~) in rabbits exposed to 35 ~ (symbols as in figure 1) 
and to temperatures within the thermoneutral range (�9 

F igure  1 d e m o n s t r a t e s  t he  co r re l a t ion  be tween  Tre and  
V~. Differences  be tween  the  3 cond i t ions  are no t  signifi- 
can t ,  t h u s  i t  appea r s  t h a t  V~ is a lways  r egu la t ed  a t  a 
level  a p p r o p r i a t e  to  a g iven  core t e m p e r a t u r e .  R F  in- 
creases  w i t h  increas ing  Tre (figure 2a).  VT in i t i a l ly  de- 
creases w i th  inc reas ing  Tre t h e n  increases  w i t h  a f u r t h e r  
rise in Tre (figure 2b).  The  m i n i m u m  VT for control ,  cold- 
exposed  and  w a t e r - d e p r i v e d  r a b b i t s  occurs  a t  r ec ta l  t em-  
p e r a t u r e s  of 39.3, 39.8 a n d  40.2~ respect ive ly .  A t  these  
r ec ta l  t e m p e r a t u r e s ,  t he  co r re spond ing  r e s p i r a t o r y  fre- 
quencies  ave rage  300, 250 and  265 b r e a t h s / m i n .  P l o t t i n g  
R F  aga ins t  V~ (figure 3) conf i rms  t h a t  VT is lowest  in t he  
R F  range  250-300 b r e a t h s / m i n .  A b o v e  t h i s  range,  t h e r m o -  
r e g u l a t o r y  d e m a n d s  d i c t a t e  t h a t  b o t h  R F  a n d  VT increase  
in o rder  t h a n  VE be m a i n t a i n e d  a t  t he  a p p r o p r i a t e  level. 
Be low R F  = 250 i t  m i g h t  be  a rgued  t h a t  VT is phys i ca l ly  
d e p e n d e n t  u p o n  R F  such  t h a t  a low R F  will i n e v i t a b l y  
lead to a h igh  VT. To t e s t  th i s  possibi l i ty ,  t h e  same r a b b i t s  
were exposed to  a m b i e n t  t e m p e r a t u r e s  w i t h i n  t he i r  
t h e r m o n e u t r a l  r ange  (Ta 21-27 ~ I n  these  e x p e r i m e n t s  
R F  var ied  over  a r ange  of b e t w e e n  45 a n d  135 b r e a t h s /  
ra in  b u t  a l t h o u g h  the  t r e n d  is sti l l  for VT to  be  h ighe r  for 
a lower RF ,  m e a n  VT rema ins  s ign i f i can t ly  lower t h a n  in 
b locked  r a b b i t s  a t  t he  co r re spond ing  f requencies  w h e n  
exposed  to 35 ~ (p < 0.001) (see f igure 3). Moreover,  th i s  
di f ference could n o t  be  exp la ined  in t e r m s  of a change  in 
me tabo l i c  r e q u i r e m e n t s  as t he  dif ference in Vo2 be tween  
t he  an ima l s  a t  35~ and  a t  t h e r m o n e u t r a l i t y  was  no t  
g rea t  enough  to  a ccoun t  for t he  di f ference in VT. ThUs 
t h e  conclus ion  is r eached  t h a t  in  t he  r a b b i t  t he  t h e r m o -  
r e g u l a t o r y  d r ive  is so powerfu l  t h a t  w h e n  a n  increase  in 
R F  in t he  h e a t  is specif ical ly i nh ib i t ed  b y  w a t e r  dep r iva -  
t i on  of pr ior  cold exposure ,  t h e n  VE, a n d  p r e s u m a b l y  Eex, 
can  be  increased  t h r o u g h  a rise in VT. 

6 J . E .  Drorbaugh and W. O. Fenn, Pediatrics 16, 81 (1955). 
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Summary. I n  t he  viscera l  gangl ion  of P lanorb i s  t he  p o s t s y n a p t i c  neurones  of t he  cha rac te r i zed  d o p a m i n e  neu rone  are 
connec ted  b y  non- rec t i fy ing  e lec t ro tonic  junc t ions .  The  coupling,  wh ich  is reduced  b y  s t i m u l a t i o n  of t he  d o p a m i n e  
neu rone  a n d  b y  appl ied  dopamine ,  m a y  be  i m p o r t a n t  in  t he  gene ra t i on  of b u r s t  ac t iv i ty .  Special ized areas of close 
appos i t ion  of m e m b r a n e s  in t he  neuropi le  are cons idered  to  be  t he  morpholog ica l  cor re la te  of e lec t ro tonic  coupling.  

I n  t he  left  peda l  gang l ion  of t h e  wa te r  sna i l  P l ano rb i s  cor- 
neus  t he re  is a specif ied d o p a m i n e  neu r one  wh ich  m a k e s  
m o n o s y n a p t i c  connex ions  w i t h  ce r t a in  neu rones  in the  vis- 
ceral  a n d  pa r i e t a l  gangl ia  3, *. T he  i n p u t  f rom t h e  d o p a m i n e  
neu rone  is i n h i b i t o r y  to t h e  v iscera l  neu rones  and  exci t -  
a t o r y  to  t h e  pa r i e t a l  neurones .  The  v iscera l  neu rones  (of 
w h i c h  t he re  are  a t  leas t  15) h a v e  been  found  to  be  coupled  
electr ical ly.  Th i s  p a p e r  descr ibes  some aspects  of t he  
coupl ing  a n d  also i t s  p r e s u m e d  morpholog ica l  correlate .  
Materials and methods. T he  i so la ted  gangl ionic  r ing  was 
i m m e r s e d  in physio logica l  sal ine 5 a t  r oom t e m p e r a t u r e  
(20~ Doub le  ba r re l l ed  microe lec t rodes  c o n t a i n i n g  
026 M K,  SO 4 were used  for i n t r ace l lu l a r  r ecord ing  a n d  

s t imu la t ion .  The  record ing  a n d  s t i m u l a t i n g  e q u i p m e n t  
was  conven t iona l .  Fo r  e lec t ron  mic roscopy  t he  viscera l  
gang l ion  was f ixed in buf fe red  g l u t a r a l d e h y d e  and  
o s m i u m  solut ions  *. Sect ions  were s t a ined  w i t h  lead c i t r a t e  
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